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Presentation:  Dimitrios Mamoglou, Dipl. Ing, EU P.E.
Senior Engineer Deep Excavation LLC
E: mamoglou@deepexcavation.com T:+1-91/-472-9728

Seminar Notes & Demo: www.deepexcavation.com/en/workshops-seminars/seminar_auth .
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Deep Excavation LLC Websites: Contact Information:
240 W 35th Street, Suite 1004 www.deepexcavation.com sales@deepexcavation.com
New York, NY, 10001, USA www.deepex.com training@deepexcavation.com

v' Software solutions for excavation and foundation professionals
v Consulting Services - Design of deep excavations and pile foundations
v Virtual Reality applications for geotechnical engineers and contractors
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Introduction to Deep Excavations - DeepEX Features
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https://www.deepexcavation.com/en/products/deepex-deep-excavation-software
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Deep Excavation: Typically deeper than 3.5m, that requires structural support.

> A deep excavation system has to retain earth, water, and neighboring structures
> Unknown factors and risks

> Soil properties estimation

> Protect adjacent properties

> Design issues and Code issues
> Economy

> Constructability
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DeepEX Software - General Capabilities

# .| Shoring Design Software

Full Structural and Geotechnical Design of any Deep Excavation Model

—

Wall Types in DeepEX Support Systems in DeepEX
v" Soldier Pile and Lagging Walls v" Anchored Walls (Tiebacks and Helical Anchors)
v' Sheet Pile Walls v Braced Excavations (Steel Struts and Rakers)
v' Secant / Tangent Pile Walls v" Top/Down Excavations with Concrete Slabs
v' Concrete Diaphragm Walls (Slurry Walls) v' Dead-man Walls
v" Soldier Pile and Tremied Concrete Walls v" Bin-Type Walls
v" Combined Sheet Pile Walls (King Piles) v' Cofferdams
v" Box Sheet Pile Walls v Circular Shafts
v' Custom Walls v' Cantilever Walls
ANALYSIS METHODS: LIMIT EQUILIBRIUM ANALYSIS NON-LINEAR ANALYSIS (SOIL SPRINGS) FINITE ELEMENT ANALYSIS
Soil Pressures: Active/Passive, At-rest, Apparent Moments and Reactions from Spring Moments and Reactions from Finite
Pressures (FHWA, Peck, Adaptive, Custom Trapezoidal Analysis Elements
+more)

Cumulative Results from Stages Full Soil-Structure Interaction

Beam Analysis: Blum's, FHWA Simple Span, CALTRANS
+more Realistic Displacements Calculate Surface Settlements
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E)\_ Shoring Design Software P P

Soldier pile and lagging walls Secant pile waIIs Tangent pile walls
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Diaphragm (slurry) walls Sheet pile walls
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Combined sheet pile walls Box sheet pile walls Custom walls
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Anchored Walls (Tiebacks) Braced Excavations (Struts and Rakers)
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Circular Shafts (Ring Beams) Dead-man Walls (Tierods) Top-Down Excavations (Concrete Slabs)
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= 2’| Shoring Design Software Include All Construction Stages

v Create all intermediate construction stages

v Review the results for each stage & recognize the critical stages

v Perform an efficient model optimization

v' Get more realistic results for methods that consider staging (NL, FEM)

----------------------------------------------

Stage 1: Cantilever Excavation Stage 3: Further Excavation
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e

Limit Equilibrium
Analysis (LEM)

1

Non-Linear Analysis (NL)
(Elastoplastic Springs)

Moment Fressures
[kM-m/m) [kPa)

Multiple Analysis Methods

Finite Element
Analysis (FEM)

homent Fressures
[kM-m/m}) [kPa)
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Structural & Geotechnical Design

# .| Shoring Design Software

Diagrams, Reactions & Check Ratios: Structural Checks & Design Calculations:

= calculations

b Moment [k-ft/ft) Pressuras (ksf) —
B S L 0 3 -2 ] z 4 & & ] z
[TTTT[Trro[ors & [TTT[VIT[TIT[TTIT[TIT[IT T[T ] A:-:ials.trESS:=a=F'f.-5x=G'.-"25.l=Elk.-"|‘|-“2 Y
F EL O
Bending stress in X-X: fbx= | Mxx + MxxDL| /Sxx = |140.8240| x 12 in/ft /131in3=12.9k/in"2
20 :.FM Bending stress in Y-Y: fby |Myy + MyyDL|/Syy = |0+0]| x 12 in/ft /44 3in3= 0k/in?2
/ e SECTION: HP14x82 Section is W or | beam
51 20.5 dez 02 “
- Dead Load Moments: MxDL= 0 k-ft, MyDL=0 k-ft
i. 1P
GEC= 0928
5TR= 0.685 | Classify section flange for compact/noncompact status, Table B4.1
GEO= 0.5665 i
5TR= 0.504 il A= O30 =11.951 1
Lf
Classify section flange for compression, Table B4.1

IIl:I'I_E_:_—h e E stee

52 :.-..-T r ___‘='='= F.= = .
Pile: HP14x89, Sxx=131in2, @8 #t O.C. Ar=0.56 V Sl
FyBeam=30ks £
Supports: Beam ansly ¥ v
Wall 5=50% © < >

Structural Codes: Eurocodes 1.2 & 8, ACI, LRFD, AISC, AS 3600 & 4100, CN (China) + more
Design Standards: Eurocode 7, DIN, BS, XP, AASHTO LRFD, CALTRANS, CN (China) + more



Slope Stability Analysis Options

# .| Shoring Design Software

;_f::.i': ars v=l 7Rif w=73] 758fH R=47°
r_e-de-:f_:d:ié-}:;é'ii??‘ T R BI'::IQ- I:I
«F5=2.068 (Right exit pt: 27,237, Oft) T T X
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v’ Bishop Method

v Morgenstern Price Method (G.LE)
v’ Spencer Method

v’ Ordinary (Swedish) Method

v Automatic Slope Search Method
v’ Single Point Slope Center

v Rectangular Slope Center

v’ Define Radius Search Limits N |
v Clouterre Standards for Soil Nails - Lo

GaT
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Finite Element Analysis and Tunnels

S I -4 vl 5 7 S iy |« vDeepEX 2D FEM Engine (DeepFEM)
o B > - sm== v Consider full soil structure
— T KT . S R R T T T interaction
v Automatic FE options
G e - --+-=>~>=">+= v S0il Models for FEM
.. v Include Tiedowns & Foundation Piles
7!5\\;»: o T T ;;. -V _£-13m \ / ﬁ g\s\q /
e B \ = - Tunnel Options:
i K / \ avls S ./« Tumnel Anaysis vith FEN
N v TBM Tunnels
I | N7 /\/\ + NATM - SEM Tunnels
e poce g sy o Snles o _ v Oval and Complex Tunnel Shapes
Depifeorl o Wl 3=50° S v Tunnel Model Wizard
WS T e | | K S \ /\ v’ Gut-and-Cover Tunnels




2D Sections & 3D Models, 3D Holograms

=4 A Shoring Design Software

v Full Design - 2D Sections and 3D Model
| s v Structural & Geotechnical design of Tiebacks and Struts
i Y o o] T v 3D Building Loads
- on] s v Full Model Optimization (Walls and Supports)
= i v'Vlirtual Reality Model Visualization - Export Model to HoloDeepEX

P= F5.BE2BE.F% 85 k
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Check & Optimize Steel Connections

Steel Connection Data

Kame and sechon yps

WL ALE: & 1-STRLIT: Ab

Shffenera are not requined

Horizontzl angle  A° deg Mz weld stress check (all stages)
Irput Stage Resuls
Connection Opbions
dedd S Selected Welds
Canmection Stub
Type| Use H (or W) beam siub u
Shub section WG 133 ’
Min. overlap with al:’.rtl::: | in
Clegrance o srr.rllj | i
Weld (pipe to connector) |= E LT | i
Stiffeners
Stiffernar Hame Location Thick iin) Height (in) Nidth dn
Ll L PL1_T Tap j Fi 455 10,929
: PL1_H Hottam *rl {) 355 {924
i PLZT Tap L' 075 055 10,929
FLZ_H Battam ﬂ | e b T

‘ield Size|0.375

LTI T o Crer F 7 TRy T |

0K

\

v Generate all steel
connections

v Check Steel Connections
(Struts and Walers)

v Optimize Steel Connections
with a Click

v Adjust weld sizes and apply
plate stiffeners
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v/ Import your Excavation Site from Google Maps
v Import all buildings directly from Google

v’ Estimate the building dimensions and loads

v Generate 2D cut sections

v Perform Damage Assessment for all buildings

(O Wty Goook RYTTNE2C gb
ExtrudedStructure ExtrudedStructure
(T PpyzGok Rty e-Js | [ {ChlJHObyzGrokRIC TgboL ‘




v Perform Damage Assessment of all Buildings close to an excavation site

Eldg. 0
v Review Crack widths, Damage Categories, Strains etc. for all building walls.
Deflection [inch}) IMoment [H-ft/ft) -
0 o0 oo -100 of | 300 200 |aoo Building Damage Results O
||||||||I||||I| |||||||||||| Eldgl:l
— — S o Maximum values All elemerts  |ndividual elements  Horizontal movement  Settlement  Boscardin-Cording Chatt  Hogging Chart (Burland 1979)
E &, U K
Qi s - . e~ Diam.
e ———— 10.08 k 8 out y.Max y.Ave Cpiin) Ctiin) Crp (in) Cri (in) e Crack - '
Cat ) Boscardin
01 (UND.) e width
Hj'ﬂ‘ g P Bottom side continuous basement wall 203 |0 0.005103 | 0.00255 0 0 0 0 Moderate | Megligibe | Moderate
343 k-t
17.82k Left side cortinuous basement wall 2rr |0 0000752 |0.000376 |0 0 0 0 Megligihe | Megligibe | Negligibe
Clay [UND.) ‘:"f Right side continuous basement wall 826 |0 0.002511 |0.001256 |0 0 0 0 Megligbe | Megligbe | Megligibe
" Top side continuous basement wall 0 0 0 0 0 0 0 Megligbe | Megligbe | Megligibe
4 Exterior wall &t floor 16 0, -10.67, 30to -20.67 30) q07 |0 0.025554 |0.001561 |0.2327 0.3337 0.1551 0.2225 Moderate | Moderate | MN/A
s1 == Exterior wall at floor 161, 0, (-20.67, 70to -10.67.70) 0 0 0 0 0 0 0 Negligbe |Megligbe |N/A
Units Value Exterior wall at floor 16. 0, (-20.67, 30to -30.67.30) g7z |0 0.022453 |0.002055 |0.0798 0.0235 0.0532 0.0199 Slight Slight MR
¥ Max hoizontal sirain: £ H Max - 0.087083 Exterior wall at floor 18. 0, (-30.67, 70 ta -20.67,70) 0 0 0 0 0 0 0 Megligbe |Medligbe |MAA
Max_ tensile strain: & T Max 0.005841 Exterior wall at floor 181, 0, (-30.67, 30to -40.67.30) hhi |0 0.014831 |0.00194% |0 0 0 0 Megligbe | Megligibe |MN/A
Rock Max. principal strain: £.P.Max 0.00646 Exterior wall at floor 16. 0. (-40.67. 70 to -30.67.70) 0 0 0 0 0 0 0 Megligbe |Negligibe |MN/A
jor w -10.67 -10.67 435 |0 0.02574 0 0.153 0.2154 0.102 0.1436 [ i A
Maxx. angular distortion: P deg 0,754 Exterior wall at floor 18. 0, (-10,67, 40to -10.67,30) 3 1 21 102 1 Slight Slight M
o Exterior wall at floor 18 0, (40,67, 30 to 40.67 40 34 |0 0.007772 |0.001901 |D 0 0 0 Megligbe | Megligibe |MN/A
Max. out of plane rotation: 8.out deg 0 Eor et & Toer ' ¢ ) 94 94
_ ] J— BExterior wall at floor 16. 0, (-10.67, 50to -10.67.40) &% |0 0.02417 |0 0.2936 01803 01957 0.1:202 Slight Slight AR
Boring 1 Max. shear strain: v.Max 0.02574
R Exterior wall at floor 18. 0, (4067, 40 to -40.67,50) 391 |0 0.002266 |0 0 0 0 0 Megligbe |Medligbe |MAA
Ave. shear strain: v Ave 0.003355 : — —
: — Exterior wall at floor 16 0, (-10.67, 60 to -10.67 50) 336 |0 0.013545 |0 0.0476 0 0.0317 0 Wery slight | Very slight | NAA
Cumulative principal crack width C p in 0.2336 : . . . . . . - — —
Y Exterior wall at floor 18. 0, (-40.67, 50to -40.67 60) 0 0 0 0 0 0 0 Megligihe | Megligibe | N/A
Cumulative tensi b width Ct in 0.3409
Hmiiative tensiie crack W BExterior wall at floor 18 0, (-10067, 70to -10.67 60) 0 0 0 0 0 0 0 Megligibe | Megligibe | NAA
inci i [ 0.1957
Max principal crack width Cr.p. Max " - Exterior wal at floor 161 0, (40.67, 60to 40.67,70) 0 i i i 0 0 0 Neglighe | Negiigibe | N/A
i I. i : HH'?E ] M N n nTs n nn M i n - M n n = .
SIIELEITIILL . T in - Exterior wall at floor 251, 10, (-10.67, 30to 2067.30) 407 |0 0025554 |0.001561 |0.1975 |0.2805 (01317 (0187  |Sight  |Sight | N/A
Max. damage category Moderate Exterior wall at floor 28. 10, (<2067, 70to -10.67 70) 0 0 0 0 0 0 0 Megligbe |Medligbe |MAA
Damage category crack width Moderate Bxterior wall at floor 26, 10, (-20.67, 30to -30.67,30) g7z |0 0.022453 |0.002095 |0.1566 0.2011 0. 1044 0.1341 Slight Slight MAA
Damage category Boscardin Cording Moderate b ¥

www.deepexcavation.com




Elevation (feet)
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Export All Project Sketches to DXF

2D Sections:

v Export all 2D Sections Sketches for each Construction Stage
v Export Wall Section Details

v Export 2D Sections with Result Diagrams

3D Models:

v Export all 2D Sections and Wall Details

v Export Full Project Plan Sketches

v Export Elevation Sketches for each Project Wall
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Design gravity walls (any shape)
Jesign pile supported abutments
Use footings (3D loads) and design the foundation piles

A NENERN

1 lew Footing 0(3C
yt=15.5 kNim3 10
$'=32 deg "
4m Cl1 0 f Dirive Hesist

- L05 |21 _ _ Clay [UND.) KpH= " :f_|=
yi=20.5 kN/im3 &t 3t 3 yit= 127 383 pcf [
.*.:_35.:_:-.; o .,== I : - l_ -Elu=-3--3- -E' FEf

p— TECETT =02
F aH=10.333 KzH=0.333
yi= 125 pof pH=3 KpH=2 '2-5 ﬂ
=30 deg 12 fi 12 fi KaH=0.283 KaH=0.283

Boring 1 ¢

H=0 83 4;'-
3 ft KpH={2.527 KpHF 3 f = 133.758 pof
? 16 4 fit _ = .lll-l.:l:.:_E,q..-:..-FP
— L~ A | T
F A
12 ft
=45 ft
KaH=0.2% KaH=0.2%
o KpH=3.852 KpH=3.852

yi= 133,738 pof
$'=24 deg

ecantPiles W21X73

&Ccant pile wa

e W21x73, Sio=121in3, @3. 23 0.C.
y Baam =30 ksi, Fo'=3ks

Ll rlu
i
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NEs2 i

|
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L
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DeepkEX

Shoring Desien Software Sea Walls - Quay Walls - Wave Pressures

v’ Load combinations for British Standards 6349 Parts 1-2 (Marine

_ . Structures-Quay Walls)

B B L L v Wave pressures with Sainflou, McConnel, Proverbs

) v Average overtopping volume calculations

‘ - v’ Block/segmental walls with individual shear resistances and densities

v’ Quay caisson walls (3D) with infill zones. The program can calculate the
3D weight

v Quay wall wizard - Create a model in minutes

Pressures [ksf) Pressures [ksf)

|1 SIE

13
020029

www.deepexcavation.com
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Shoring Desien Software oil Estimation - Statistical Analysis

. T 2 Borrs Lo Loy oo - v’ Estimate Soil Properties with different methods
. v Review a statistical analysis of the estimated properties

_ T ? v’ Select the project values with a high level of certainty

21 16

2 e 1. Select Set # Double-click to ed
o : 3
" 18 -5, Content: Image —

36 18

[=F]

]

] [ -

-

o
>
>
>

=
[
o)
o
o
c
L~ ]
&
L
o

[ - = T T : l per? T T T
41 14 0 l 0 E S0% Range | Ave:115.14¢€!
| ] | - 2149 :
o Add New Record 46 13 0 o 0 E ;
70 = | )
- g 7
[ Delete Selected ) ) qa;n.g estimate 60 = - ;‘ /,'
Record Insert point Delete point | ' L b 7. °
] - = ;
Import from tab * wE { .
- delimited file oK Cancel = ? ,/ ;
= 2 /e 23 08
0 E A o
0= | !
Name and matenial w0 E g ! o
] z O .
Determine confidence values - = smesss= 1 =% ! L J
Set 1 at Lower bound [¢° . ~=- . 80 -2 160
i ————— 4. Summary Results
- ) pef
2. Density and Strenath 4 S Parameter estimation for Y pc
Z. Uensity and Strength 3, Elasticity 4. Bond Resistances 5. Lateral Ple 6.0CR Denaty: \
Select Equations to use for esimating soil parameters a gl 2 s i
2 A. q e g Sample count: 13 Base model v | Al borings v All estimation sets v | Al soll types
2.A: Soil DcFSlt‘,’ Average Input values Ty s e R
v G . r‘«'.“ra‘;e Nspt= 15.31 bpf > 30 2 & 45 &0 100 110 20 13 &0 200 &00 600 B0O 1000 0 20 30
v!iy Kulll DR. Bowdes et. al., DeepEX approach Average Relative densty DR= 40,52 ik e el ol B i Y e i ol iy = . 5 5
< > s = = & " - = £ -\ " ’- " v Li Ll T L] T T LS L Ll
DR. Manual of Estimating Soil Parameters, Table 2-9, pg. 2-19 ! ‘ ST RS R U Rl T T J ‘ ! '
Estimate results
Average estimate y= 115138 pcf
. N = = <~ . Standard deviation v= 4 266 nof
2. B: Effective Friction Angle 2. C: Undrained Shear Strength ﬁ:’da‘;? ;e’f‘a’:" 150 s‘gé'c‘
Max. value y max= 120 e :
Wl © Parry. 1977 (Perko, Helical Pile Design Manual) v Su=0.06 N Pa=0.125N (ksf). Kullhawy, Mayne, 1990, Eq 4-59, p| | |Mn. value y min= 109.4 pcf i 'l,L - ¥ %
.’If ’n:‘(l:l .'"'n'c.ressu‘,r F:I]t,f:*l"ir FH-"/'-; “Hl ")‘:"-’J“i Qb ‘k-‘fl =0 17 “ T-:r—n—-"}"-P:-"k TSC- gC"\fIOéﬂCé level : d?:5=”5 138 Dd ++| + 4‘ . :#:
ahissalies i Sl ¢ e i Bt s e Conrfidence level at 50% lower bound s + '&
v/ © Kullhawy, Chen, 200 Suvs OCR, Ladd 1977, Jamiolkowski 1985 F -l- -L :
v © Terzaghi & Peck, 1967 Su clays, Koutsoftas & Ladd, 1985, vs. OCR and PI 5. Adjust or Pass to soil type Boring 1
® FHWA pilot database calibrations Lower bound |50
®cv, Parry 1977 for clays
v! © Kullhawy, Mayne, 1990 = r‘ based on lowe
bound percentage
2 © Sabatini et. al, 2002, FHWA NHI-10-106 | o
®cv, Holtz-Kovac 1991, 1985 for clays vs. Pl, lower bound l Pass value to soil type
®cv, Holtz-Kovac 1991, 1985 for clays vs. Pl, average i ‘
®cv, Holtz-Kovac 1991, 1985 for clays vs. Pl, upper bound ’ Preview Report OK 5

www.deepexcavation.com
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The Future is Here!

v Import your City Map with all Structures from Google

v’ Define your Tunnel Construction Stages and Location on the Map

v’ Automatically Generate 2D Cut Sections along your Tunnel

v’ Define your Metro Station Locations on the Map and Design Them

v Analyze the Tunnel, Calculate Settlements considering Soil Volume Loss,
Consolidation and Water Drawdown

v’ Estimate the Damage Cost for all Imported Buildings

And more!

” & — ~EUR 193.4

*  EUR 1095078.24: Total average co:
EUR 2656596.8: Total 95% cost

......

7
i
s

]
v 1S m)
= Nowg
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Projects Designed with DeepEX

Sweet Home Alabama! Uncommon Auburn Southbank Soil Nail Wall, Tempe AZ

Courtesy of Russo Construction PB&A + Deep Excavation

Over 3000 Users Professional Engineers & Firms
10000+ Projects Worldwide!

Secant Pile Wall For Maspeth Avenue Station, NY Javits Center Expansion, NY

Courtesy of Skanska EE Cruz + Deep Excavation



https://www.deepexcavation.com/en/resources/deep-excavation-projects-with-deepex
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Sample DeepEX Projects

LaBrea Metro Station, Los Angeles, California, USA

v 100 ft (30.5 m) Excavation

v Soldier Piles and Lagging

v Lateral Bracing (Struts)

v Full Design with DeepEX

v’ 5 Stations designed and under construction
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= Sample DeepEX Projects
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New Tapan Zee Bridge Cofferdams, New York, USA

. — -— —

v $3.9 billion project

v 90x45ft (21.5x13.7m) Cofferdams
v Lateral Bracing (Struts)

v Full Design with DeepEX
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Sample DeepkEX Projects

v 90 ft (27.5m) Excavation

v Soldier Piles and Lagging
v’ Pipe Struts
v' 9 rows of Tiebacks




| e Sample DeepEX Projects

# .| Shoring Design Software

Soldier Pile Excavation Pits with Diagonal Struts, Arkansas, USA

B - - v 24 1t (1.3m) Excavation
%Yﬂ; ¥ 15“ N i v Soldier Piles and Lagging
e \ v Pipe Struts

v Full Design with DeepEX




DEEP

» ~ DeepEX .
=X Shoring Design Software Sample DeepEX Projects

All American Canal, Imperial Irrigation District, Yuma, Arizona

v Cofferdam

v Water Wall Design

v' Water Depth up to 20° (6m)
v Sheet Pile System

v Post Tension cable Ties

v Full Design with DeepEX
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Example: A 6m Excavation - Anchored Diaphragm Wall

o T aH=0.323 T 7 v Create model in DeepEX (all stages)
ﬁl'j:;:';:kl:'.'-':' Sand; ¢=30 deg} C'= 5kPa; v=19-5 kN/m3 KpH=3 KpH=23 2.5 m ‘/ Apply Eurocode 7 Specifications
e o vt il IR T 57| v'Run model with Limit Equilibrium Method
45 S v Run model with Non-Linear Analysis Method

£=2¢ v’ Run model with Finite Element Analysis Method

Sand, $=32 deg, c’=:10 kPa, y=21 kN/m3

_—

[ ﬂ

60 cm thick concrete diaphragm™ "

v’ Review calculated results

L . - v/ Optimize wall section
ﬂ_;-.:. |,l|':.E Dizphragm ‘/ O . . .
#=22 deg Thick: 60 cm, & L-Rebars #6, 6 R-Rebars $6/0.3m ptimize support section
= FykRebars =413.8 MPa, Fck=20.7TMP= . . .
Free earth v Optimize anchor fixed length
v Optimize wall embedment
Baring 1
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Define Soil Properties & Stratigraphy

&2 Soil Types ? )4 1: Boring 1 - J Edit 1st wall - 'q:_ Left 0.00 - Left -5.00 . x-
CHE Soil Types 1. Name and Basic Sail Type @ Edit Boring|~| _| Soil Layers
Soil Soil Name |F Color Custom layer! —Available Borings 1. General Boring Information - Coordinates
types - T o | | ame |Bor
YF g; Description| Fill Use Boring iyl Name Boring 1
Fll.':p g1 2. Soil T}'I:-E - Behaviour Coordinates X -2 m Y |0 m
Clay Show test data The x coordinate controls where the boring is shown in your design section view.
jase model GT Sand e (SPT. CPT. Etc) E_EEI' ffflfr fffflfr uses one boring (soil strata). You can use a different boning on
F:I:ICI";. - . . . £3Cn DESIgn SECion.
3. Default drained-undrained behavior for clays (See Theory Manual) SPT Data Option (Applies to Design Section)
SPT Record | Mot assigned w Add edit SPT records
A.General (C Hastoplastic D.Bond E. Adv. F. Piles CPT Record Option (Applies to Design Section)
4. Unit Weights - Density CPT Record | Mot assigned e Add edit CPT records
. q . Y . q & T - : :
¥ : 195 kMN/m3 | = ¥ dry 19.5 kNim: ¥ = 3.5 2. Boring Layers - Layer Elevations
5. Strength Parameters and Poisson Ratio E:'F' m) Soil Type OCR Ko Edit
ev.im
Drained strength properties i '
i SRR - . : F =1 05 Edt
3 = = U JEgrees - | - .
kPa - == 3m b 3 |51 1 D.441 Edit
T Peak - constant vol. (for estimation) s
) 01
P o Omittec OEgrees 3 02 \
F reak’ Cmiter degrees : . _ Clay
i ? peak’ Omittec oegrees | > Add New Boring T
i it v :EE > P -|,.-
Add New Saoil 0CK
6. Permeability Delete Selected
Coov Sail [ Boring (Stratigraphy)
apy -0l ko) 9.999999 | misec | ® Kz |9.999959% | m/sec
- . — me Clone Boring Insert Layer Delete Layer
Delete Selected Soil 8. At-rest coefficients a ) }
. KoNC|0.5 s nOCR |05 Ko = KeMNC = (OCR)"nOC 0K Cancel
Paste Soil

> Edit List of Soils > Add Soil Layers | |
> Define Soil Properties for each soil > Define Top Layer Elevation and Soil Type

www.deepexcavation.com




- 0.00 - -5.00 - x-
L : f DEome R [+ gt
i} Right -3.00 : Right -5.00 - + —
Surface Add Delete Draw Draw
Options - Stage Stageetc.~ suppcrtEI loads~
Surface Elev, next to wall Water Elevations Stages y T mm——— [1]
+ Draw a strut support
Base rmodel '33 PE
Draw a slab support
- Draw a raker support
kPa ;
-3m Draw a fixed support
y =i

3] %

I\

Draw a spring support

+':| Draw a waler support

(Other elements

kN/m3
tdeg

Edit Support Data, Stage: 0

A. General B.Options C.Results D. Notes E. Envelope

(Y T .

1.1 Coordinates at Wall 1.3 Lengths
X 0427 m Lfree|11.28 m
Z{.197 e Lfix 7.52 m
1.2 Angles
l20.88 e
Horizontal
Spacing | > m

(4]

. Support Type and Structural Section Used

Structural Section | 4-Strands

1.4 Prestress options

- Adjust Support
Prestress

kN

Apply ONLY to the stage
where support s activated for
1st time:

Select the Draw Support Tool

Click on the Wall
Click to the Ground

Define exact Support Location, Dimensions and Structural Section

X

H  Draw a waler beam on a support
+|% Draw a passive heelblock
Tieback free length options

A’ Free length: User

CMN Method for stiffness

- g, 1
B N

3

+H gt

Draw Draw
supports ~ Icaclsﬂ

Add Delete
Stage Stage etc.~

Draw surface strip surcharge [1]

dit 1st wall - 'Lli Left 0.00 - Left -5.00 -
dd right wall - Right -3.00 - Right -3.00 -
Surface
Options ~
Walls Surface Elev, next to wall Water Elevations
Base madel

[2] J'

Draw surface linear load
Draw a surcharge on the wall
Draw a line load on the wall

Draw Train-Embankment Load

Draw an external moment on a wall

Draw a prescribed displacement on a wall

Resist
KaH=0.333
KpH=23
7 KaH=0.283
= Krld="T 577
% Edit Distributed Load X
ﬁ Surcharge name
1=t Point 2nd Point
Coordinates Coordinates
x1 -15 *Z|1
Z1 0 [4] 22|
Surcharge Surcharge
ae (D kFa v oLy kFa
gz1(10 kFa gzZ2( 10 kFa
3. Surcharge Type
v = Surface Load Load iz Pemrmanent
| Treat as field surcharge O Load is Variable

Select the Draw Loads Tool
. Click on the Ground (Start Load Point - Left)

1.

2

3. Click to the Ground (End Load Point - Right)

4. Define exact Load Location, Type and Magnitude

www.deepexcavation.com

I ErEsEnE

Edit Carmpaction Roller Loads

Led

D

-+
(EEH

Add a 3D Building

Draw a footing load

3D
L
+ﬁ 30 surface load

Advanced options

E%_ Elastic load options

Load combination options

Edit load combinations

Assign a load combination




Eurocode 7 Load Combinations

_ Calculation Options for Both Walls X i
Single |
- Kp Passive Method
,':'._I-:;F;n:a.:h: Do Mot Lse A Code =

Des. Approac| (@ Analyze only one Code Case de W

Base model

Load Lase
DA-1, Comb. 1: A1+ M1+ R1 -

DA-1, Comb. 1: AT+ M1 +R1
DA-1, Comb. 2: A2 + M2 = R1
DA-2: A1+ M1 + R2

DA-3: (A1" or A2+) + M2 + R3
EQU: M2 + R1

UL ] = [ 1 | Tl

DK Cancel

Eurocode 7 Approach

> Select a Load Combination

> Factors on the external loads and soil pressures
> Use a design surface load of 10 kPa

> Target for a wall embedment FS > 1

EC 7, DA-1, Comb.1

EC 7(GR), DA-2

EC7(GR), EQU

Code EC7, 2007
Case DA-1, Comb. 1: A1+ M1 + R1
Parameter Safety Factor

Code EC7-Greece
Case DA-2%: Al + M1 + R2
Parameter Safety Factor

Code EC7-Greece
Case EQU: M1 + R1 [GR)
Parameter Safety Factor

Seismic multiplier

Variable loads

Fermanent loads

Tempaorary anchars

1.1

Fermanent anchors

1.1

tan(friction angle)

Eff. cohesion '

Shear strength Su

Earth unfavorable

Earth favorable

Water unfavorable

Water favorable

HY¥Draulic unfavorable

[N QSR R U R T

H¥Draulic favorabla

0.9

UPLift unfavorable

1.1

Seismic multiplier 0
Variable loads 1.5
Permanent loads 1.25
Temporary anchors 1.1
Permanent anchors 1.1
tan(friction angle) 1
Eff. cohesion ' 1
Shear strength Su 1
Earth unfavorable 1.35 [STR)
Earth favorable 1
Water unfavorable 1.25
Water favorable 1
HYDraulic unfavoarable 1.35
HY¥Draulic favorable 0.9
UPLift unfavorable 1.1
UPLift favorable 0.9
Used FS wall 5TR 1

UPLift fawvorable

0.9

Seismic multiplier 0

Variable loads 15
Permanent loads 1.25
Temporary anchors 1.1
Permanent anchors 1.1
tan(friction angle)

Eff. cohesion ' 1
Shear strength Su 1
Earth unfavorable 1.35 [STR)

Earth favorable 1.4 [GED)
Water unfavorable 1.25
Water favorable 1

HY¥Draulic unfavorable 1.25
H¥Draulic favorable 0.9
UPLift unfavorable 1.1

UPLift favorable 0.9

Used F5 wall 5TR 1

Used F5 wall 5STR

1

F5 tigbacks

1x R_anchar

www.deepexcavation.com




Analysis Settings

# A Shoring Design Software

General Analysis Seismic Slope Stability+ Design Results Report View Optirmize Help

' ' o
gﬂ m 5|I"|E||E . Mult, = _% T H - l h_:IH*' —l_:E 1st wall - FE[“ & EI_IIEIIEII:II'tS-: Beam ~ %
i 2 v AUTO @
W Auto drive - 23

Cantilever: Free-earth =

Type: Limit Clays:  Analysis: Wave Thrust Drive Pressures: Resist Pressures: Advanced
equilibrium ~ @i Link opticns Approach: Service Default -~ Simple~ Forces | options - Peck ~ Passive - [} Beam: Blum's method - Options ~
Analysis Des. Approach (EUR etc) Water behaviour Include Wall Friction Limit Equilibrium Metheods (Current Stage) Advanced

General Analysis Seismic Slope Stability+ Design Results Report View Optirnize Help

CO ” DES /| Divide Ultimate wall capacity by FS J| Custom GEQ FS a= User defined - Optimize wall
DE - I embedment for safety I_C
Include axial load on walls. bafety Factor|1.35 Coef.5TR. | 0.87 factors (LEM Analvsis
Code | General Members: All Steel 8 L.IJ - oo 3 T
' - imge (US, EUR) * | Safety Factor 1 = se 50il Bond Values y i
options | Settings LI erresion to calculate aeotech...
) - Wall 5TR. Safety Tiebacks Safety Wall Embedment Optimization Load Combinations
B  Use Eurocode 2, 3 Settings L ) ) [
ECZ, 3 F5=1.5 Baze model
EE S AISC 2010 - Allowable kN ES Base model
[ lmm TS Al mscam bl - O by em e

> Use Active pressures for the Cantilever excavation stage and Peck Apparent pressures for all stages with supports
> Examine Wall Friction (i.e. 33% of Soil Friction)

> Simplified Water Flow

> Cantilever Stage: Free Earth method

> Beam Analysis (stages with supports): Blum’s Method

> Apply Eurocode 2,3 settings (Design Tah)
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Pressures [ksf)

-2 ] 2 4 & 8 10 2

4.017 ksf
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v" Assume lateral earth pressures.
v' Determine fixity locations for forces at subgrade.
v" Analyze wall beam with assumed loads.

v" Advantages: Easy method to verify. Gives a back check
for more rigorous methods.

v Disadvantages: Soil-structure interaction ignored.

ELOm

pr——s =
yi=15.3kN/m32
|._ -
51
yi=21 kNim3
$'=22deg

GT
yt=22 kN/m3
c=10kPa
§'=235 deg

B-2

Soil Pressures Surcharge

Pressuras [ksf)

i
(=
— =5
I
w

5
A\
=]
=
-

Water Pressures Seismic Pressures Net Pressures
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# .| Shoring Design Software

Limit Equilibrium Method (LEM) :

- Easy method to verify. Gives a back check for more rigorous methods.
- prefailure strain is ignored
« Soil-structure interaction ignored

PN Rp )
<R . T <\
AN
- <K 3 FSsiiding=Re/ Py ) My
L | | | L
Calculation of lateral earth Determine fixity locations Calculate stability Calculate structural
pressures. and run beam analysis. checks design checks

on the wall
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Rankine earth pressure theory (1857):

- Based on plastic equilibrium concept

« No friction between wall and soil Passive zone .
T /—' \
Active zone
Ghm Oy
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# A Shoring Design Software

www.deepexcavation.com

Coulomb earth pressure theory (1776):
- Failure surface is a plane
- friction between wall and soil can be considered

- Arbitrary slope at the sides of the wall
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# A Shoring Design Software

www.deepexcavation.com

Caquot and Kerisel earth pressure theory (1948):
- Failure surface is an elliptical curved plane

« Eurocode 7 and NAVFAC charts based on the theory




Earth Coefficients in DeepEX

DeepEX Automatic Method Selection According to Project Parameters

Active Coefficient Ka

Parameters Horizontal Surface | Inclined Surface Wall Friction Seismic Effects Applied
Considered
Method Rankine Coulomb Coulomb No Effect

Passive Coefficient Kp

Parameters Horizontal Surface | Inclined Surface Wall Friction Seismic Effects Applied
Considered
Method Rankine Coulomb Caquot-Kerisel Lancelotta

Drive Resist Drive —g.1 Resist Drive -5 Resist Drive Y Resist

KaH= 0.204 [ KaH=0.304 KaH=0.441 [ KaH=0.333 KaH=0.4132 | KaH=0.304 KaH=0.413 [ KasH=0.304

KpH=3.542 KpH=3.542 KpH=5.737 KpH=2 KpH="7.08 KpH=3.242 KpH=5.254 KpH=3.185
No surface slope Surface slope Surface slope Surface slope
No wall friction No wall friction Wall friction Wall friction
No seismic effects No seismic effects No seismic effects Seismic effects
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# A | Shoring Design Software www.deepexcavation.com

Apparent earth pressures

| | | o — Y/ .

- Multilevel supported excavations experience different earth Stress accumulation
pressures /7

- Effective active pressures multiplied by a factor and redistributed. Wall deflection

I - Stress relaxation
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F>7 Shoring Design Software ~ EArth Coefficients in DeepEX

Peck (1969) Method:

- Based on multiple measurements of strut reactions of strutted excavations

Sands Soft Clays Stiff Clays
t  o2smf - t 02! $
— 4 A
., | H ., | H 0.5H
0.75H
— _ L
0 EEHI
Y ¥ Y Y
b E— > b E—
P P P
_ 4 ¢
p=065Kayh p:};h(l_ﬁ p=03yh
4 r (Range 0.2to 0.4)
for — =1
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FHWA Method:

Earth Coefficients in DeepEX

Based on multiple measurements of strut reactions of strutted excavations

Multiple Supports Single Support
Clays & Sands Clays & Sands
" Iy R, T A A
2/3H1 H1 2/3H1
Y R1 R1 Y
A -h) 4
I RO |55 me
H3 |
> R3 + ary/ 2
2/3H4 § e H4 ! © 7 |2BE-HD
i l —Pp v
Rsub? Rsub?
P d P

Sands: Total Load = 0.65 Ka y h”
Clavs: p=02yh to 04yh
Rsub = Apparent virtual reaction at subgrade



Soil Pressure Methods (LEM Analysis)

# A Shoring Design Software

Cantilever Excavations Construction Stages with multiple support levels
At-Rest Pressures Peck 1969 Pressures FHWA Apparent Pressures Custom Trapezoidal Pressures

— \ — _j—\ —
| L N\ L\
| ~ " ~. [1 ~
Two-Step Rectangular Pressures WMATA Pressures New York City DEP Pressures
BN SN FN
.E'Ff.__i:EE_ N 3 "\\ I ¥ ‘\ I * "\\
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Water Pressure Methods

Simplified Flow Hydrostatic Full Flownet Analysis

Pressures (ksfj szsures (ks essures [ksfi
A ] ) ) . ) Pressure IL-_f_, . Pre u[._ [ kesf) . u (ksf)

- L Fa
I 1 1 1 I 1 1 I 1 1 1 I 1 1 ! 1 1 1 I I I I | I I 1 I I I 1 1 1 I I I T T T | T T T | T 1 1 | I 1 1 I

LN LI LA PRI R 2 = DO
LN [ ] tn [ ] £ -




DeepkEX

| Shoring Desien Software External Loads: Types & Pressure Methods

) 1414 R A ' \
g : ] Il - - o —
k) N 450/ Elastic to @5:0/2 O -5
' . vertical stress | \
— q=Ka x Ao, o ‘
Loads on ground surface: Loads on the wall: Load modeling options:
v' Strip surcharges v" Strip surcharges v Hasticity equations
v Linear loads v" Linear loads v Two-way distribution angle
v 3D loads (buildings, footings, 3D v' External moments v' One-way distribution angle
surface loads v Prescribed displacements v' One-way distribution angle from soil friction

v Elasticity to vertical stress x Ka (or Ko)
v" CIRIA Special Pub 95-1993



_ Mament [kN-m/m)} N N N Pressures (kPa)

= Wall Bending
=== Leismic pressures
== MNloment capacity
Procedure in DeepEX
» Define Seismic Accelerations Ax and Az

> Select Seismic Pressures Calculation Method
> Select a Seismic Design Standard

Seismic Pressure Methods
v Semirigid
v'Mononobe-Okabe (frictional soils)
v Wood Automatic
v Wood Manual

Semirigid Method

> Total Vertical Stress at
Bottom of Wall x B

» B =0.75 in DeepEX

> Rectangular Pressure
Diagram

Pressures [ksf}
| -
El O it - - "
F
ywi= 125 pof ——
.*:E.-._l.:a.- -
— das -4
-151t
o | —
yi= 133,738 pof 20 deg
=34 deg _—— )
0243 ksf
=Dt —
&T
yi= 140. 127 pcf
o= 205 psf
¢'=36deg
451t

.F o
yi= 1235 pof
=30 deg T
154t o
51
yt= 133.758 pof D deg i
=34 deg z
GT =0 E—
yi= 140 127 pof
o= 20 psf
§'= 35 deg
45H
Mononobe-Okabe Method

(Frictional Soils)

» Extension of the Coulomb
Static Theory

» Accelerations added to a
Coulomb Wedge

> Seed & Whitman (1970)
Seismic Thrust Redistribution

> Inverse Trapezoid Pressure
Diagram
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Cantilever Wall Analysis Concepts

Fixed earth method Free earth method
Balances out Moment and Shear Balances out Moment - Shear not balanced

Increase length by 1.2 to get FS 1.0
Then apply additional safety factors

Shes hMoment (kM-m/m)
400 300 -200 0 oD 200 -500 -70D 500 -300 -400 -300 -200 -100 O -300 -400 -300 -200 -100 O 00 200 30D
IIIIIIIIIIIIIIIIIIIIIIIIII |TFFI'|TFFF|'ITFF|TFF|'|'I'I'I'I'|'ITI'I'|'I'I'IT|'HTI'| IIIIIIIIIIIIIIIIIIIIIIIIII
[T T T I T T[T T T[T 7777 LA LA R RRR LR LRl LR R [T T [T T T [T T I
ELOm
I oy
ELOm - - "
47 3kPa 3 o
185.4 kN/m
183.4 kMN/m
-722.1 kM-m/m
-717.4 kM-mim
! F
k yt=19 kN/m32
; 230958 s wuim
- o KN
min . 1472 kNm 734 3 kFa
yi= 19 kN/m ] \
#=20 deg . i
-403.4 kPs N 408 kFz
i
ES: 2 T;E}’_‘i
st =344 §




DeepkEX

Shoring Desien Software Beam Analysis: Blum's Method

Pinned supports - continuous beam
Point of zero net soil shear below subgrade.
Use point of zero shear as a virtual support.

Shear Moments Net loading

Reaction for Virtual Available
embedment Fxb support resistance Rx

FS.passive= ~=
Fxb
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V| oepX Beam Analysis: FHWA Simple Span Method

# .| Shoring Design Software

Pin support at excavation base, simple spans

Shear Moments Net loading
o \\U . = |
\\ = |
son l\ on|
Reaction for Virtual Available .o RX
embedment Fxb support  resistance kx| SPaSSIVe= 5



DeeptX Beam Analysis: CALTRANS Approach

Shoring Design Software

Pinned supports - simple span
Base at point of zero moment below bottom support
Shears and moments balance out

Shear Moments Net loading

lies \ ----- T 4_..-- . -+
20 pef \\u . &-"‘ 1 .
e \ o s —— |
= g a:-k: - —a e
No Embedment Virtual S rotation = Fresist
Reaction support ' ~ Fdrive




Y| e Beam Analysis: CALTRANS & Negative Moments

# .| Shoring Design Software

Simple span may be very conservative
Assume negative moments (209 of simple span)

Shear Moments Net loading

Negative
\ Moment

No Embedment Virtual
Reaction support
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w7 DeeptX Wall toe Stability checks

LF: 1

Il 3, vy
e Rp N,

Available Resistance beneath virtual fixity point

Fipas =
P Hor.reaction at virtual point + driving pressures beneath virtual fixity point

_ Resisting moments about a point
FSrotation = — — (Eg.9.2)
Driving moments about the same point

Available wall embedment depth

FSembed = Eq.9.3
e Maox. Required embedment depth for F5 =1 from Equations 1& 2 above (Eq )




= Non-linear Analysis Concept (Soil Springs) *
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Removed soil priorto Beam elements modeling

Initial Free Field anchor Installa\tlcrn thﬁ. flexible wall
—————— - - e e e e e e e e e e e e = === == === === == A i AAAA
KAA- P
HAA-
Intermediate AA- m Spring element
excavation level A J “as modeling the
| M=t
—————— . e A L LN T | ~xaa  Bround anchor
Removed soil after WA J‘W"‘*},b'[{
hor installation man. YW -
. . anc -
-inal Excavation Level * FAA- L AAA S
_______ - _ e e e e e o o o o = = VA _ 1 WA
AN | Ania
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= Shoring Desien Software Non-linear Analysis Concept

Linear Perfectly plastic Model | |
. Flastic behavior prior to yielding ﬂfhﬂ”"? lastic
« Detailed unloading reloading behavior '

Stress
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» ~ DeepEX 1 .
= Shoring Design Software Non-linear Analysis Concept

Hyperbolic elastoplastic Model

EP-Stram Hardenmg

+ Inelastic behavior prior to yielding - A
- Pressure dependent nonlinear stiffness ﬁ - e
. Detailed unloading reloading behavior b |TeC

' /
A

A f
|III | r_

Stram. £
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Subgrade Model

- Elastic behavior
» Defined by a Kgyraqe modulus



Finite Element Method (FEM)

# A Shoring Design Software

Mathematical formulation

Modelling assumptions . [Force |+ ====—- >

Displacement

Equilibrium Compatibility JJ Strain- |

i equations equations dlsplgcementi

TAWAN AWA NN Al i

7 | - Constitutive
relation

_________________________________________________________________________________________________

Strain

Physical structure

Discretization

FEM numerical model |




DEEP
£V DeepEX Finite Element Method (FEM)
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(a) Equilibrium equations
Stresses within the soil medium
must satisfy equilibrium

External body
forpes

div,o + b = pu

Mathematical form: Cauchy momentum | Acceleration
- Divergence of | (equal to zero
equation stress tensor for static

analysis)
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» ~| DeepEX
# .| Shoring Design Software

(b) Compatibility equations

(a) Original

Strain to displacement relationship:

(b) Non-compatible

u
)4
v
)4

Finite Element Method (FEM)

(c) Compatible

v
dy
ow v
dy 0z

Txz

ow
0z
ow  du
ox 0z
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= horing Desien Software Finite Element Method (FEM)

(c¢) Constitutive law

G A
Oys
GysO . .
 Constitutive law
G G2 A 0' — fm (A 8)
(Ao, [ Ae,
8) | | ‘ﬁﬂ'y .-'iE},
Uniaxial stress-strain curve -Yleldﬁirface " ! Ao, \ I Ae

principal stress-space ,. Z
,ﬁTx}, 4 ‘ﬁ?ﬁj—' >

&sz &ﬁ,ﬂ

\ ﬂTz}r A \ ‘lﬁz}"
Stress Strain

Increment Increment
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Step 1: Discretize the continuum Step 2: Select interpolation functions

Step 3: Assemble the—global equation s;étem



DEEP

DeepEX . |
e e — Finite Element Analysis Concept (FEM)

Soil Models:
o | v Hastoplastic Model (Mohr - Coulomb)
E— = ' v Exponential (Hyperbolic) Model (approximate solution)
““aﬁ/ B Q - x:‘/ v Exponential (Hyperbolic) Model (complete solution):

,f”\v/f N/ '/\,/ /ngi Soail hardeningmy?el

L P gl |- Y2
v Moments and reactions calculated with Finite Elements
v Gonsider full soil-structure interaction

v Calculate surface settlements

v’ Design Tiedowns, Foundation Piles and Steel Columns

(]

—‘
N
)

Wall 1
Steel Sheats
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DeepkEX Versions & Training Materials

Review Our Packages:

v' Customizable Packages
v Powerful Additional Modules Training Materials:
v' Personal Technical Support

v Videos, Examples, Manuals ’ .
ive Presentations:

TRUSTED BY

| W E = N st Nnysvycvc
G& ; -E...“:u.w _ iaud_l SN s
www.deepexcavation.com
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https://www.deepexcavation.com/en/products/deepex-deep-excavation-software/deepex-software-training
https://www.deepexcavation.com/en/schedule-presentation

Thank You!

www.deepexcavation.com
www.deepex.com

sales@deepexcavation.com

training@deepexcavation.com
1:1-206- 279 - 3300




